CORONARY HEART DISEASE frequently runs in families. While familial hypercholesterolemia (type Ila) greatly increases the risk for coronary disease because of elevated plasma cholesterol and low-density lipoprotein (LDL) levels,' the majority of patients with coronary disease come from families who do not have clearly defined genetic hypercholesterolemia. Schrott et al. 2 found that coronary heart disease was more common in the relatives of school children whose cholesterol levels were at the ninety-fifth percentile (more than 250 mg/dl) than in relatives of children with cholesterol levels below the fifth percentile (125 mg/dl). The familial aggregation of factors accounting for these differences was not defined.
The relationship of environmental and genetic factors on the plasma lipids, lipoproteins and body mass indexes in large population groups is perhaps best approached by detailed studies of randomly selected families. Previous studies have shown strong family relationships for plasma cholesterol levels and measures of adiposity. However, the relative contributions of genetic and environmental factors in these aggregations are being debated. Some studies have shown a strong genetic component in the familial ag-how important are the relationships among family members, i.e., husband-wife, father-children, motherchildren and sibling-sibling, in determining the plasma lipid and lipoprotein levels and anthropometric measurements of a given family member? Methods
Subjects
From May 1978 through May 1979, a random cluster sample of 936 dwelling units was selected from 3579 homes in a representative urban neighborhood in Portland, Oregon -the Hollywood district. A questionnaire was administered by a trained interviewer to one family member from each qualified household.* This questionnaire was devised to obtain demographic data and information about health status, attitudes and knowledge. The residents were then asked to participate in a 5-year intervention study emphasizing the gradual adoption of a low-cholesterol and lowfat eating style known to lower maximally the plasma cholesterol and LDL levels. The qualifications for entry into the study were that at least two persons would agree to participate and planned to remain at their current residence for at least 6 months. Of the 501 eligible households, 47% (233 households) agreed to participate. These households are hereafter referred to as families.
The families (742 individuals) had an average of 3.18 members each. The ages ranged from newborn to 70 years, with 108 children (58 boys and 50 girls) younger than age 6 years. Between the ages of 6 and 15 years, there were 86 boys and 72 girls. Two hundred thirty men and 246 women were 16 years of age and older.
Baseline assessment studies were carried out over a 1-month period for each family member 6 years of age and older. These included measurements of plasma cholesterol, triglyceride and lipoprotein fractions, triceps skinfold thickness, midarm circumference, blood pressure and 24-hour urinary sodium, potassium and creatinine. Finally, subjects 16 lipoproteins by heparin-manganese chloride. For the majority of subjects whose plasma triglyceride concentration was lower than 300 mg/dl, the concentration of the very low density lipoprotein (VLDL) cholesterol fraction was estimated as one-fifth of the triglyceride concentration. In the remainder of the subjects, the VLDL fraction was separated by ultracentrifugal flotation at saline density 1.006 to yield a fraction containing VLDL. After direct estimation of HDL cholesterol and either direct or indirect estimation of VLDL cholesterol, LDL cholesterol was estimated using the relationship: LDL cholesterol = total plasma cholesterol -(HDL cholesterol + VLDL cholesterol). All concentrations were expressed as mg/dl of whole plasma. The mean values of the three measurements taken at weekly intervals during the baseline assessment period were used in the data analyses.
Anthropometric Measurements
Height was measured with the subject in stocking feet using an anthropometric plane. Body weight was measured with the subject clothed and shoeless on a beam-type balance scale calibrated with standard weights. The body mass index was calculated as: weight (kg) + height (cm)2 X 10,000. Triceps skinfold thickness was taken at the measured midpoint between the acromion and the tip of the elbow over the triceps muscle of the left arm, using a Lange skinfold caliper.1" The arm was hanging straight and in a relaxed condition. The skinfold thickness was measured three times and a mean of the three readings was used for analysis.
Statistical Methods
Means and standard deviations were calculated for boys, girls, men and women for all variables. The three age groupings of interest were: younger than 21 years, 21-45 years, and older than 45 years. Conclusions concerning sex differences for each of these age groups were based in each case upon the results of a two-way analysis of variance, formulated as a regression model.14 Estimates of the correlation coefficients were computed for men, women and children for all variables. To investigate the independent effects of age and body weight in this group of people, correlation coefficients were calculated adjusting for age and weight.
To study the familial aggregation of lipids and lipoproteins, the values for each subject were standardized to the mean for their age/sex subgroup. An individual's t score for a given variable was defined as (observed value) minus (group mean for age and sex) divided by (group standard deviation for age and sex). Intraclass correlation coefficients1" 16 were then estimated using an unbalanced, one-way analysis of variance. Correlation coefficients between parents and children were first calculated using the mean t scores for all children and then using the values for a random child. The results of these two methods were in very close agreement. We report the estimates based upon the mean t scores of all children. Intraclass correlation coefficients were computed for sibling-sibling categories.
Results Plasma, Lipids, Lipoproteins, and Anthropometrics
The mean plasma cholesterol levels were slightly higher for men (195 mg/dl) than for women (192 mg/dl), and boys (168 mg/dl) were slightly higher than girls (166 mg/dl) (table 1). The cholesterol levels of the children were 26-37 mg/dl lower than the adults. While the mean LDL cholesterol levels were similar for boys and girls (99 mg/dl), men had LDL concentrations 8 mg/dl higher than women. HDL concentrations were strikingly higher in boys, girls and women than in men: women, 57 mg/dl and men, 48 mg/dl. Therefore, the ratio of LDL cholesterol to HDL cholesterol was much higher in men (2.55) than in women (1.99), even though both sexes had the same total cholesterol concentration. This higher ratio emphasizes the greater atherogenicity of the plasma lipoproteins of men. Men had significantly higher triglyceride levels than women. Adults had much higher plasma triglyceride levels than children; boys had only 50% of the values for men (56 and 111 mg/dl, respectively).
Boys and girls had similar values for body mass index, but girls had triceps skinfold measurements 3.5 mm greater than the boys. Men were 15 kg heavier than the women. While both men and women had similar body mass indexes, women had triceps skinfold thicknesses 10 mm greater than the men.
The distributions in the total plasma cholesterol concentrations were similar in both men and women and ranged from 100-360 mg/dl ( fig. 1 ). The fifth percentile cholesterol levels were 132 mg/dl for men and 141 mg/dl for women. The ninety-fifth percentile was 269 mg/dl for men and 273 mg/dl for women. LDL cholesterol had similar distributions for men and women ( fig. 2 ): The fifth percentile value was 56 mg/dl for men and 50 mg/dl for women. The ninety-fifth percentile LDL value was 190 mg/dl for men and 189 mg/dl for women. HDL cholesterol ranged from 20 to more than 100 mg/dl ( fig. 3 ). The fifth percentile was 31 mg/dl for men and 36 mg/dl for women. The ninety-fifth percentile was 68 mg/dl for men and 79 mg/dl for women.
The plasma triglyceride distribution curves were positively skewed (fig. 4) . The fifth percentile was 46 mg/dl for men and 40 mg/dl for women. The ninetyfifth percentile was 190 mg/dl for men and 179 mg/dl for women. As expected, the distributions of the plasma lipid and lipoprotein values for children had a much narrower range than for adults.
The Age-related Differences in Plasma Lipids and Lipoproteins (figs. 5 and 6) The mean plasma cholesterol concentrations rose steadily with age in females, from 162 mg/dl in early childhood to 235 mg/dl by age 55-60 years. The mean cholesterol concentration in males was higher in childhood (169 mg/dl) and lower at post-puberty (143 mg/dl). Thereafter, it generally increased with age, attaining a maximum mean concentration of 222 mg/dl at age 55-60 years. Over the age range of 21-45 years, males had a significantly higher (p < 0.01) mean plasma cholesterol concentration than the females.
The mean plasma LDL cholesterol concentrations paralleled the age-related increase in the total plasma cholesterol and were also significantly higher in men (p < 0.01). In contrast to cholesterol and LDL, the age-related patterns for HDL cholesterol differed for males and females. Boys and girls had similar HDL values. A general drop in the HDL cholesterol level occurred through childhood and early adulthood, followed by an increase with age in females and no increase in males. Except during childhood and late teens, the levels of HDL cholesterol in females were 9-10 mg/dl higher than those for males (p < 0.01).
Older subjects of both sexes had more than twice the triglyceride concentration of younger subjects. The mean concentration in males ranged from 51 mg/dl in early childhood to 132 mg/dl at ages 30-35 years, with a decreasing trend from 35-40 years through age 65 years. The plasma triglyceride levels in females increased from a mean concentration of 54 mg/dl in childhood to 125 mg/dl by ages 45-50 years, and thereafter remained at about 120 mg/dl. Between the ages of years, the males had significantly higher triglyceride levels than females (p < 0.01). In this study, the range for plasma cholesterol from 100-320 mg/dl or greater can thus probably be explained by genetic factors. A similar effect of genetic factors was noted even in the Tarahumara Indians, who also had constant environmental factors (i.e., diet) that differed greatly from those of the Americans of this study. In the Tarahumaras, the mean plasma cholesterol levels averaged about 120 mg/dl; however, they ranged from less than 100 mg/dl to more than 250 mg/dl." Therefore, while the range in values can be explained largely by genetic factors, the differences in the mean values of these two populations can most likely be ascribed to environmental factors.
A rise in plasma cholesterol, LDL and triglyceride levels with age was again documented in this study. decade, the plasma cholesterol was 19.5 mg/dl higher in males and 16.8 mg/dl higher in females from the young adult years through the middle years of life. A teenage male with a plasma cholesterol of 143 mg/dl might expect to increase to 221 mg/dl and a female teenager with a level of 169 mg/dl might expect to increase to 236 mg/dl over the next 40 years.
There is no significant age trend for the plasma lipids and lipoproteins in contrasting populations with greatly different lifestyles (e.g., a less affluent culture with more physical activity, less adiposity, and a diet that is habitually, after weaning, low in cholesterol and total and saturated fat). A classic example of such a population is the Tarahumara Indians, who eat a nutritionally adequate diet, but one that contains less than 100 mg/day of cholesterol and about 12% of the total calories as fat. 30 The Japanese, the Highland New Guineans, the Bantu, and other populations also illustrate this contrasting trend with the Westernized populations of the world.
Blackett et al.3' suggested that the rise in plasma lipids with age is related to increased body weight as adipose tissue so characteristic of Western populations. In the present study, we could consider the independent influence of weight and adiposity in an evaluation of the circumstances that might be associated with this age-lipid rise. After adjusting for weight, the rise of the plasma cholesterol and LDL levels with time was generally shown to not be related to increases in body weight but to the aging process itself. Because the aging process per se does not seem to cause a significant rise in plasma cholesterol in other cultures (e.g., the Tarahumara Indians), the chronic exposure to quantities of cholesterol and saturated fat that exceed the body's ability to maintain cholesterol homeostasis might be responsible for the age-related plasma lipid rise.
There were also changes in HDL concentration with aging. While boys and girls had similar HDL levels that declined in both during puberty, in girls the HDL level subsequently increased to the prepubertal concentration. In boys, the level rem-ained low after puberty. This dip at puberty and subsequent values are similar to those described in the Lipid Research Clinic prevalence study.17' 18 Whether male sex hormones depress HDL, rather than female sex hormones elevating HDL, is an intriguing possibility. Thus, the lower incidence of coronary heart disease in women could be related to their persistently higher HDL concentration than males. Another reason for a lower incidence of coronary disease in women could be their lower LDL levels. The atherogenicity of lipoprotein configuration is perhaps best expressed as the LDL/HDL value.32 Men had a progressively more atherogenic LDL/HDL value with age. Additionally, although women had lower LDL/HDL values at all ages, they also had a progressively more atherogenic LDL/HDL value with age, perhaps a factor in the loss of resistance to coronary heart disease in older women.
All of the indexes of adiposity were more strongly related to individuals within the family than to individuals outside the family. In the comparison of individuals within the family, the only significant relationships for the spouse pairs were for the indexes of adiposity. Therefore, for body weight and other indexes of adiposity, the environmental or cohabitation influences appear predominant. 8 The relationships of the plasma HDL, plasma triglyceride and adiposity are intriguing. HDL correlated negatively with all measures of adiposity in men and women and was independently related to body weight. HDL also correlated negatively with the plasma triglyceride concentrations in men, women and children. The plasma triglyceride correlated positively with adiposity. While both age and body weight were correlated with plasma triglyceride concentrations, body weight had a stronger independent association. The plasma triglyceride levels in our study correlated directly with body weight; adiposity might well be the environmental factor that affects triglyceride levels. The close relationship of hypertriglyceridemia with overweight is also a well-known clinical phenomenon.33 This epidemiologic information fits well with the results of metabolic ward studies in which weight loss produces a lowering of plasma triglyceride levels and, frequently, a rise in HDL. 34 Weight gain or an increase in adiposity probably results in just the opposite: an increase in plasma triglyceride concentration and a decrease in HDL. Presumably, the apoproteins of HDL have been shunted into the transport of triglyceride in VLDL, and thus, HDL levels are lower when triglyceride levels rise with adiposity.
In conclusion, living together may well be a very important factor in explaining the similarity within the American family for factors related to caloric intake and energy expenditure (triglyceride, weight and body mass index). Genetic factors apparently determine the aggregations of the plasma cholesterol, LDL and HDL. Lifestyle, i.e., habitual dietary exposure and age, undoubtedly affect the range over which the plasma cholesterol and LDL are expressed. 
